A method to isolate and purify CP43 and CP47 pigment-protein complexes from Photosystem (PS) II of higher plants is presented. The method has been developed in spinach, but it may also be valid for other plant species, since there is high PSII core complex homology in all plants. Core complex, obtained from highly-enriched PSII membrane fragments (the extrinsic proteins were previously removed by Tris treatment), is used as starting material. The core complex is first treated with the chaotropic agent, LiClO 4 , and the nonionic detergent, n-dodecyl β-D-maltoside. After dialysis against buffer lacking detergent or chaotropic agent, the solubilized material is separated by anion-exchange chromatography using a TSK Toyopearl DEAE 650s column. CP43 complex does not bind to the column under these conditions and elutes along with free pigments and few other contaminants. When the eluate becomes colorless, the column is subjected to a 0-170 mM LiClO 4 linear gradient. The main pigment elution band corresponds to the CP47 complex with some contaminants. To obtain pure preparations of CP43 and CP47 complexes, other chromatographic steps were developed. The CP43 material is passed through a S-Sepharose cation-exchange column at room temperature and then through a Q-Sepharose anion-exchange column. After dialysis, the solution is passed through a new Q-Sepharose anion-exchange column at a different pH. The bound material is eluted with a 10-70 mM MgSO 4 linear gradient, and the fractions with a prominent peak at 670 nm and a clear shoulder at 683 nm are combined. This constitutes pure CP43 complex. The CP47 material from the first column is dialyzed, loaded onto a new TSK Toyopearl DEAE 650s column, and eluted with a 0-175 mM LiClO 4 linear gradient. The fractions with a peak at 674.8 nm are combined and constitute pure CP47 complex.
Introduction
Photosystem II is a membrane-bound, pigment-protein complex present in all oxygenic photosynthetic organisms, and it is composed of a large number of protein subunits and cofactors. The oxygen-evolving core complex (OECC), an integral part of PSII, is surrounded by distal antenna complexes, including light-harvesting complex (LHCII), chlorophyll protein (CP) 29, CP26, and CP24. It can be isolated from plants, algae, and cyanobacteria; and it is composed of the D1-D2-cytochrome (Cyt) b 559 reaction center complex (the site of primary charge separation), the CP43 and CP47 proximal antenna complexes, and the 33-kDa extrinsic protein. After Tris-HCl treatment of PSII-enriched membrane fragments at basic pH, the membrane-bound OECC losses three extrinsic proteins, and with them, the capability of splitting water (i.e., the isolated OECC material lacking the extrinsic proteins is then called core complex). The names of the proximal antenna complexes are derived from the apparent molecular mass, determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), of the individual polypeptide present in each complex. The CP43 and CP47 complexes are encoded by the chloroplast genes, psbC and psbB, respectively.
According to the three-dimensional structure of the OECC from cyanobacteria (1, 2, 3) , CP43 is physically closer to D1 and CP47 to the D2 reaction center polypeptides, respectively. Both proximal antennae most probably function as a conduit for excitation energy transfer between the distal antenna complexes and the reaction center. However, other functions have also been attributed to them, including involvement in the assembly of an active oxygen-evolving complex (4) . The purification of native CP43 and CP47 complexes is necessary to assess their physical, chemical, and spectroscopic properties without contamination from other photosynthetic pigments or pigmentprotein complexes. In this Chapter we describe a method to isolate and purify CP43 and CP47 after disruption of the core complex (isolated directly from Tris-treated PSII membrane fragments) by a combination of a chaotropic agent (LiClO 4 ) and a mild detergent (DM), followed by separation using several ion-exchange chromatographic columns. Highly pure pigment-protein complexes result from this procedure. 
Materials and Equipment

Methods
The basic protocols have been published in Alfonso et al. (5) and Dang et al. (6) . All procedures are carried out at 4 o C in the dark unless otherwise specified.
Isolation of PSII core complex
1. Treat highly-enriched PSII membrane fragments (60 mg total Chl) from spinach with 0.8 M Tris-HCl, pH 8.0 to remove the three extrinsic proteins associated with O 2 evolution (see Notes 1 and 2). 2. Centrifuge at 40.000 x g for 20 min. 3. Resuspend the pellet in buffer 1 at 3 mg Chl/mL and obtain good-quality PSII core complex following the method of (7). This method is normally used to isolate OECC. The fact that the PSII membranes are lacking the extrinsic proteins does not affect the ability of this procedure to produce good quality PSII core complex instead of OECC. 4. Mix the Tris-treated PSII membranes with an equal volume of buffer 2, and incubate for 15 min with occasional hand shaking (see Notes 2 and 3). 5. Dialyze the solubilized material in 10-kDa molecular cut-off dialysis tubing against buffer 3 for 2 h.
Purification of the CP43 complex
3.2.1. TSK Toyopearl DEAE 650s, weak anion-exchange chromatography. 1. Load the dialyzed material onto a TSK Toyopearl DEAE 650s weak anionexchange column (1.6 x 7.5 cm), previously equilibrated with buffer 4, at a flow rate of 2 mL/min. 2. Wash the column with buffer 4 at a flow rate of 1 mL/min, and collect 1 mL fractions of the eluate. The eluate contains CP43, free pigments, and some other contaminants. 3. When the eluate becomes colorless, subject the column to a 0-175 mM LiClO 4 linear gradient in buffer 4 at a flow rate of 0.5 mL/min, and collect 0.5 mL fractions. The first greenish fractions correspond to some pigment-protein complex contaminants, including CP29, and the main green elution band at around 75 mM LiCLO 4 corresponds to CP47 complex. 4. The final elution band comes out at around 125 mM LiClO 4 , and it contains a mixture of CP47-D1D2Cyt b 559 and D1D2Cyt b 559 complexes. 5. The fractions of the main elution band that show a prominent room temperature absorption peak at around 675 nm, and a small absorption band at around 620 nm (a vibronic band of Chl a) with similar absorbance to that at around 490 nm (the lowest energy carotenoid band) are collected and dialyzed overnight against buffer 4. This material will be used latter to obtain purified CP47.
3.2.2 S-Sepharose, strong cation-exchange chromatography 1. Pass the material that does not bind to the TSK Toyopearl DEAE 650s column through a room-temperature, S-Sepharose column (1.0 x 10 cm), equilibrated with buffer 5.
3.2.3. Q-Sepharose, strong anion-exchange chromatography 1. Pass the material that does bind to the S-Sepharose column through a Q-Sepharose column (1.0 x 5 cm), equilibrated with buffer 5. 2. Dialyze the material that does not bind to the column overnight against buffer 6. 3. Load the dialyzed material onto a fresh Q-Sepharose column, equilibrated with buffer 6. 4. Wash the column with buffer 6 until the eluate becomes colorless. 5. Elute the green, bound material at a flow rate of 0.5 mL/min with a 10-70 mM MgSO 4 linear gradient in buffer 6. 6. Collect 0.5 mL fractions and combine those with a prominent room temperature absorption peak at 670 nm, a pronounced shoulder at 683 nm (see Note 4), and an absorption band at 620 nm that has a lower absorbance than the band at around 490 nm. Subsequently, dialyze the combined fraction pool twice for 1 hour each against 1 L of buffer 6. . This is purified CP-47.
3.4.
Criteria to assess the quality of the preparations 1. A rapid and simple method: room-temperature UV-Vis absorption spectra (Fig. 1) .
A high-quality preparation of CP43 should have a prominent peak at 670 nm and a distinct shoulder at 683 nm (see Note 4). The absorption intensity at around 620 nm due to Chl a is a little lower than that of the lowest energy carotenoid band at around 490 nm.
A high-quality preparation of CP47 should have a maximum at 674.8 nm, and the absorbance intensity of the 620 nm band should be similar to that at around 490 nm. 2. Low-temperature absorption and fluorescence spectra.
The low-temperature (4K) absorption spectrum of CP43 shows a prominent peak at 669 nm, a shoulder at around 678 nm, and a small but distinct peak at 683 nm (i.e., the height of the 683 nm peak indicates the quality of the CP43 preparation). The low-temperature fluorescence spectrum of pure and native CP43 should have a single band at 683 nm. The low-temperature absorption spectrum of CP47 should have multiple bands at around 660, 670, 677, and 682 nm with the maximum peak at 677 nm. The lowtemperature fluorescence spectrum of pure and native CP47 should have a single band at 693-695 nm.
Additional procedures to analyze the quality of the preparations 1. Pigment analysis by HPLC.
Pigments from CP43 or CP47 preparations can be extracted with 80% (v/v) cold aqueous acetone by sonicating the suspensions for 1 min. This releases pigments from the protein-detergent complexes, and the extracts are then centrifuged for 5 min in a microfuge (Beckman Microfuge E). The white pellet, containing detergent and denatured protein is dicarded, and the pigment-containing supernatant is injected in a C-18, reversed-phase HPLC column (8) . The chromatograms are monitored at 450 nm, and pure preparations show only two main peaks that correspond to Chl a and β-carotene. The appearance of Chl b and/or xantophylls is a clear indication of contamination by other pigment-protein complexes. 2. Polypeptide composition.
The polypeptide content of the CP43 or CP47 preparations can be analyzed by SDS-PAGE using 12% (w/v) acrylamide with 4 M urea. Coomassie Brilliant Blue stained gels should show a single band at 43 kDa or 47 kDa for pure CP43 or CP47, respectively.
Notes
1. Good-quality PSII core complexes are a requisite for obtaining optimal results using the above-described procedures. The absorption spectrum of a good core complex should peak at around 674-675 nm, but cores with a maximum somewhat higher (up to 676 nm) are also acceptable for purification of CP43 and CP47 complexes. The exact peak maximum depends on the amount of contaminants that are often found in PSII core complex preparations. These contaminants are eliminated after the above-described, successive liquid chromatographic steps. 2. Elimination of the extrinsic proteins from plant PSII membranes by treatment with 0.8 M Tris-HCl, pH 8.0, improves the yield of the PSII core complex extraction by the method in (7). This treatment also increases somewhat the degree of disruption of the resulting core complex with LiCLO 4 and DM. 3. The preparation of buffer containing 4 M LiClO 4 must be done at room temperature, and the buffer must be kept at that temperature until use. Lower temperatures result in the precipitation of LiClO 4 . After mixing one part PSII core complex in buffer 1 (at 4 o C) with one part of buffer 2 (at room temperature), the suspension is incubated at 4 o C for 15 min with occasional hand mixing. All buffers containing DM should be prepared freshly before use. 4. When room-temperature absorption spectra are taken in the 350-750 nm region, it is helpful to examine expanded spectra in the 600-750 nm region. The CP43 shoulder at 683 nm is easier to see under these conditions (Fig. 1) . If it cannot be seen, the CP43 preparation is of poor quality. 5. CP43 and CP47 complexes are stable at -80 o C for a long time, and they can even be thawed and refrozen a few times without significant changes in their spectroscopic properties.
